We use QCD sum rules for the three point function of a pseudoscalar and two nucleon currents in order to calculate the charge dependence of the pion nucleon coupling constant g N N π coming from isospin violation in strong interaction. The effect can be attributed to the difference of the quark condensates <ūu > and <dd >. We obtain a splitting of about (g ppπ 0 − g nnπ 0 )/g N N π ≈ 1%. The charged pion nucleon coupling is found to be the average of g ppπ 0 and g nnπ 0 . Electromagnetic effects are not included. 13.75.Gx, 12.38.Lg, 24.85.+p Typeset using REVT E X 1
The effect of isospin violating meson nucleon couplings has recently seen a strong revival of interest in the investigation of charge symmetry breaking (CSB) phenomena [1] [2] [3] [4] (for a comprehensive review see [5] and references therein). On a microscopical level, isospin symmetry is broken by the electromagnetic interaction as well as the mass difference of up and down quarks m u = m d . It is the aim of this letter to examine the difference between the pion nucleon coupling constants g ppπ 0 , g nnπ 0 and g pnπ + using the QCD sum rule method, which has been established as a powerful and fruitful technique for describing hadronic phenomena at intermediate energies [6] [7] [8] . Here we will only look at effects which arise from isospin breaking in the strong interaction. In the QCD sum rule method this is reflected by m u = m d as well as by the isospin breaking of the vacuum condensates. Electromagnetic effects are not examined.
We start from the three point function of two nucleonic (Ioffe) [9] and one pseudoscalar interpolating currents with the appropriate isospin quantum numbers [7, [10] [11] [12] [13] :
where
and
The momenta p 1 and p 2 are those of the nucleon, and q = p 1 − p 2 that of the pion; C = iγ 2 γ 0 is the charge conjugation matrix. In the following we will only keep terms up to first order in isospin violation. splitting is an almost purely electromagnetic effect [14] .
The pion nucleon couplings are defined through the interactions:
It should be remarked that in our notation all three couplings are positive and have the same value in the isospin conserving limit.
We then obtain the following expressions for the phenomenological sides of the three point functions, eqs.(1a-1c):
states and the continuum. The corresponding isospin violating couplings to these states could be taken as effective parameters and used later in the Borel analysis in order to obtain a maximal plateau. However, because there is nothing known about these parameters, we decided to neglect the higher resonance contributions in the following. As one can see below, we are still able to perform a reasonable Borel analysis. The next step is to perform the operator product expansion (OPE) for the three point functions under consideration. Typical diagrams are shown in fig.1 . Following refs. [7, 10, 11] we keep only terms which are proportional to qγ 5 and have a 1 q 2 pole. We identify the residua of this pole with one on the phenomenological side, assuming hereby that |q 2 | ≫ m π 2 , so that the pion mass can be neglected in eqs. (6). Finally we take p 1 2 = p 2 2 = −P 2 in the equation of the pole residua and perform a Borel transformation with respect to P 2 :
It should be noted that the OPE side contains, of course, also terms which do not have a
pole. They will give rise to a form factor, i.e. a q 2 dependence of the pion nucleon couplings [13] , which we do not consider in the present context. and the four quark condensates are missing, we prefer to stop the OPE at order 4 and do not take the higher order power corrections into account.
Applying the prescription described above one can easily derive the Borel sum rules for the three point functions (1a-1c):
Already at this point we see that up to first order in isospin breaking the charged pion nucleon coupling is exactly the arithmetic average of the two neutral pion nucleon couplings,
i.e. we have:
This is a simple consequence of the u and d quark contents of the three point functions considered and is not restricted to the QCD sum rule method.
In order to obtain the splitting between g ppπ 0 and g nnπ 0 we take the difference between eq.(8a) and eq.(8b) and divide by either one of them. Expanding again up to first order in isospin breaking, we obtain:
Here we have used the following notations for the isospin splittings:
and the average values
Furthermore we have introduced the parameter γ = <dd > <ūu > − 1 (13) to denote the isospin breaking in the quark condensates and set
We have assumed that the continuum thresholds are sufficiently far removed in energy from the nucleon mass that the isospin-breaking difference washes out.
From eq. (10) we also see that we need to know the value of δλ N 2 , i.e. the isospin breaking in the overlaps between the nucleon states and the corresponding interpolating currents. In order to obtain this value we can use the sum rules for the nucleon two point functions
We will take the chiral odd sum rule for the amplitudes Π 1 (k 2 ) which is known to work better than the chiral even ones for Π 2 (k 2 ) [18] . Including again condensates up to order 4
we have (c.f.eqs. (8) and (11) in ref. [17] ):
It should be noted that in this sum rule the gluon condensate g 2 c < G 2 > enters in the same order as the quark condensate (i.e. order 4) and therefore is taken into account, whereas in the sum rule for the three point function (eqs. (8)) it enters two orders higher than the quark condensate and was therefore omitted.
We take the difference between eq.(15a) and eq.(15b) and divide by either one of them,
Putting eq.(16) into eq.(10) we obtain the final sum rule
where we have used the current algebra identity (4a). As we can see, one of the crucial ingredients in eq. (17) is the numerical value for the parameter γ. Various analyses concerning this quantity have been performed using different methods: chiral perturbation theory [19] , QCD sum rules for scalar and pseudoscalar mesons [8, [20] [21] [22] and effective models for QCD incorporating the dynamical breaking of chiral symmetry [16, 23] . All of them indicate an interval of 0.006 < −γ < 0.010. We adopt the commonly used value for the isospin breaking in the quark masses, [14] . In order to obtain δM N , we correct the experimental value for the proton and neutron mass difference by electromagnetic effects, rendering an interval of 1.6MeV < δM N < 2.4MeV [14, 25] . For g 2 c < G 2 > we take the standard value of 0.474GeV 4 , noting that its numerical contribution to eq. (18) is rather small. 
It turns out that the biggest part of the total error is due to the uncertainty in the parameter γ.
The authors of ref. [26, 27] which is consistent with data from πN scattering [28] , but includes electromagnetic effects, finds δg g NNπ = 0.002, but with an error of 0.008; thus, there is no evidence for a difference and they also find no evidence for a difference between g pnπ + and g N N π 0 within the statistical errors of their analysis.
From table I we see that our range for − (2) The quark pion model of Mitra and Ross [30, 5] . This has recently been used by Piekarewicz [1] , who obtained a violation of the "triangle identity" consistent with the πN data analysis of ref. [31] ; (3) Using the quark mass difference m d − m u and π − η mixing [32] ; (4) The chiral bag model [33] , which also finds numerically our relation for the charged coupling (eq. (9)) to be valid.
On the other hand, the use of the cloudy bag model [34] leads to δg g NNπ ≈ 0.006, with the opposite sign to our result.
We are aware that using the three-point function is a priori less suitable than the twopoint function for calculating the pion nucleon coupling at q 2 = 0 and needs the detour of comparing the 1 q 2 pole residua. This point has been discussed in detail in refs. [7, 10, 11] . The use of a two-point function [7, 11, 35, 36] has other, and we believe worse problems in the consideration of isospin violation. Thus, the matrix elements 0|ūiγ 5 u|π 0 and 0|diγ 5 d|π 0 cannot readily be determined for u and d separately.
It should be noted that the electromagnetic corrections are expected to be in the same direction for δg g NNπ as the strong interaction effects we have calculated; that is, in perturbation theory, they increase g ppπ 0 relative to g nnπ 0 [37] .
The charge difference we obtain due to the strong interaction would, by itself, lead to a difference on the scattering lengths |a nn | − |a pp | ≈ −0.5 ± 0.2fm, smaller than, but in the opposite direction of the observed difference [5] .
To summarize we have calculated the splitting between the pion nucleon coupling constants g ppπ 0 , g nnπ 0 and g pnπ + due to isospin breaking in the strong interaction by using the QCD sum rules for the corresponding pion nucleon three point functions. We have taken Ref. [32] 0.005 ± 0.0018
Ref. [33] ≈ 0.0067
